If adult starlings are kept on long days, they rapidly become refractory to long days (photorefractory). The recovery of the ability to respond to long days (photosensitivity) occurs after transfer to short days.
INTRODUCTION
Most young birds hatch in spring and attain adult body size within a few weeks, when days are long, and yet they do not become sexually mature until spring of the year after that in which they hatch. This is appar¬ ently because the reproductive system of young birds is in the same state as that of photorefractory adults (Farner, Donham, Matt et al. 1983) .
Photorefractoriness is the process by which the reproductive system regresses spontaneously at some time after birds are exposed to long days. In starlings, the whole reproductive system becomes inactive; hypothalamic content of gonadotrophin-releasing hormone (GnRH) is low, pituitary and plasma con¬ tents of gonadotrophins are low, and the gonads are regressed (Dawson, Follett, Goldsmith & Nicholls, 1985a) . Gonadectomy evokes no increase in plasma concentration of luteinizing hormone (LH) (Goldsmith & Nicholls, 1984) . Recovery of photosensitivity is caused by exposure to short days. If gonadectomized photorefractory birds are transferred to short days, the recovery of photosensitivity is signalled by an increase in plasma LH (Goldsmith & Nicholls, 1984; Dawson, Goldsmith & Nicholls, 1985e; Dawson, 1987) .
In all respects, the reproductive system of fully grown juveniles appears to be the same as that of photorefractory adults (Williams, Dawson, Nicholls & Goldsmith, 1987a) . Dissipation of this juvenile photorefractoriness is also caused by short days, and, in free-living birds, this occurs during the autumn, at the same time as in adults (Williams, Dawson, Nicholls & Goldsmith, 1987ft) . However, juvenile photorefractoriness, unlike adult photorefractoriness, is not caused by exposure to long days during the post-hatching period. If nestlings are raised under short days until fully grown (at 3 weeks) and then transferred to long days, there is still no gonadal growth (Williams, Dawson & Nicholls, 1989 (Dawson, Goldsmith, Nicholls & Follett, 1986; Goldsmith, Ivings, Pearce-Kelly et al. 1989; Dawson, 1991) . In nestlings reared under short days, these two events also occur, but at 6 and 7 weeks of age respectively (Dawson & Goldsmith, 1989 (Kessel, 1957; Feare, 1984 (Follett, Scanes & Cunningham, 1972; Follett, Farner & Mattocks, 1975) as described previously for starlings (Dawson & Goldsmith, 1982) (Winer, 1971 via free access (Dawson & Goldsmith, 1989) .
Although these birds appear to be incapable of responding to short days until they are 3 weeks old, they do appear to respond to long days from hatching. Moult is triggered by long days; birds kept on short days did not moult. At least 2 weeks of long days is required; birds transferred to short days at 2 weeks of age did not begin to moult. But in all birds which did begin to moult, this began at exactly the same age, 5 weeks. In adult birds transferred from short days to 18L:6D, moult begins after 7 weeks (Dawson, 1987 (Dawson, 1987 One piece of evidence suggests that the latter is not true: birds raised under constant short days did not moult whereas birds transferred to short days at 3 weeks did. So birds must be able to perceive daylength before 3 weeks of age. However, this ability possibly develops gradually and is complete at about 3 weeks of age. At 3 weeks of age, birds may have perceived just enough long days to trigger moult. In adults, as few as 7 long days can trigger moult (Dawson et al. 19856) . (Siopes & Wilson, 1978; Creighton, 1988) and whitecrowned sparrows (Farner & Mewaldt, 1955) . How¬ ever, in some birds, particularly domesticated species, the juvenile state eventually ends under constant long days, but this is greatly accelerated if birds are exposed to short days (Storey & Nicholls, 1978; Sharp, 1984) .
In seasonally breeding mammals, the activation of the reproductive system for the first time may also be the same as the annual event in adults. The activation of the reproductive system by short days in adult mammals which begin to breed during autumn, such as sheep, may be equivalent to short-day activation (dissipation of long-day refractoriness) in birds (Nicholls, Goldsmith & Dawson, 1988) . Foster (1988) has shown that if lambs reach puberty when daylengths are short, they soon come into oestrus, but if puberty is attained in the absence of stimulatory short days, oestrus is delayed until the beginning of the next breeding season.
It has been known for some time that there is a relationship between body weight and puberty in non-seasonally breeding mammals (Frisch & Revelle, 1971; Frisch, 1984; Glass, Anderson, Herbert & Vigersky, 1984) , although the mechanism by which somatic development affects puberty remains obscure. It may be significant that 3 weeks corresponds to the time taken for starlings to reach full body size, both in the wild (Ricklefs, 1984; Williams, 1986) , and when hand-reared under short or long days (Dawson & Goldsmith, 1989) . However, chickens (Dunn & Sharp, 1990) and partridges (Creighton, 1988) Although moult is triggered by long days, it is clearly accelerated by subsequent exposure to short days. Birds transferred to short days at 6 or 9-5 weeks of age showed an acceleration of moult from the time of transfer and completed moult more rapidly than birds kept on long days. This was consistent with earlier findings in a number of species, including starlings (Burger, 1941) , that moult is completed more quickly if daylength is shortened. However, in the birds transferred to short days at 3 weeks of age, moult began at 5 weeks of age but then rapidly stopped. Whether a reduction in daylength accelerates moult to completion or stops its progress depends on how far it has proceeded before daylength is decreased. The mechanism underlying this remains unknown.
